Partitioning of 14C from labeled diatoms (Stephanodiscus hantzschii Grun v. pusillus) within a freshwater benthic community was determined in a microcosm study for three different treatments: sediment with only natural, ambient meio-and microfauna, and microbes, addition of 30 Chydorus sphaericus Mtiller per microcosm, and addition of four Chironomus riparius Meigen larvae per microcosm. Assimilation of '"C label in Chironomus, Chydorus, ambient meiofauna, respired 14C, and [14C]DOC in both overlying and interstitial waters was measured, and [14C]POC was calculated. The carbon budget clearly showed a rapid assimilation of diatom C by surface deposit-feeding Chironomus larvae, more than 20% of the total added label was useId after 8 d. Community respiration in the Chironomus treatment increased from 6% on day 2 to 18% on day 8, or 92% higher than that of the treatments with ambient meiofauna only and added Chydorus. Chironomus respiration was low relative to assimilation, indicating that larvae efficiently used the easily accessible and digestible food resource. Sediment microheterotrophs (microbes and microfauna) were also found to be important quantitatively for C turnover. Respiration by microheterotrophs was -10% of the total added label after 8 d.
In eutrophic, temperate lakes autochthonous material is generally considered to drive secondary benthic production (Brinkhurst 1974; Morgan et al. 1980) . Large inputs of easily metabolized phytodetrital material may reach relatively deep depositional basins on a time scale of hours to days (Graf 1989) , due to rapid sedimentation of aggregate-forming, decaying diatom populations (Billet et al. 1983) . The highest inputs usually occur during the periods following spring and autumn diatom blooms (e.g. J6nasson 1972) . The subsequent fate of this material in benthic communities is largely determined by uptake rates and assimilation efficiencies of benthic macro-and meiofauna and microbial heterotrophs. In other words, the magnitude of pelagic-benthic coupling is determined by the efficiency of energy transfer from pelagic to benthic communities and between trophic levels. The fate of material entering detrital pathways is also affected directly by several physical, chemical and biological processes (e.g. Andersen and Kristensen 1992; van Duyl et al. 1992; van de Bund et al. 1994) .
Most of the evidence supporting pelagic-benthic coupling is qualitative (e.g. Jonasson 1972; Johnson and Pejler 1987) . Also, mass balance calculations of pelagic systems indicate that a large proportion of primary production is not con-The comments of Malcolm Butler and two anonymous reviewers substantially improved earlier drafts of the manuscript.
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sumed within pelagic communities but is deposited to the sediment (e.g. Nauwerck 1963; Lignell et al. 1993) . From a benthic perspective, seasonal sedimentation events of diatom phytodetritus have a strong impact on invertebrate growth (e.g. Jonasson 1972; Kajak 1988 ) and lipid dynamics (e.g. Gardner et al. 1985; Hill et al. 1992) . Moreover, interannual variation in the magnitude of diatom input to profundal communities may strongly affect macroinvertebrate life histories (Johnson and Wiederholm 1992) . Alternatively, mineralization of fresh detrital material by sediment bacteria may act as an energy sink, constraining the amount of energy that can be transferred directly to benthic macroinvertebrates and subsequently to higher trophic levels. Bacterial mineralization may be limited by low temperature (e.g. Sander and Kalff 1993; Moriarty and Bell 1993) , leaving much of the deposited phytodetrital material directly available to benthic invertebrates. This limited importance of detrital pathways was shown in an extensive field study of profundal community response to spring diatom deposition in Lake Erken (Sweden) (Goedkoop and Johnson 1996) . The results of this study showed that a relatively small fraction (2-12%) of deposited phytodetritus was mineralized by sediment bacteria.
Many uncertainties still exist in the transformation rate and ultimate fate of recently deposited algal detritus, making C budgets of lakes unreliable. To better understand the fate of phytodetritus (diatom blooms) and its effect on the benthic community, it is important to determine both the amounts of easily metabolized organic matter reaching the sediment-water interface and the relative importance of assimilation and remineralization pathways. In other words, quantitative measurements of phytodetrital deposition, assimilation by macrofauna, meiofauna, microheterotrophs, and sediment burial are needed. Few studies have quantified the fate of pelagic phytodetritus in benthic communities. Fitzgerald and Gardner (1993) quantified the fate of deposited phytodetritus in a laboratory study and extrapolated their findings to processes and mechanisms of pelagic-benthic coupling in Lake Michigan. Their results showed an effective assimilation of diatom C by the amphipod Diporeia sp. (61%) and low mineralization by bacteria (2.3%). Fitzgerald and Gardner (1993) also concluded that no diatom C was buried in the sediment, the entire pool being assimilated by the benthic community. Unfortunately, due to methodological problems (hypoxia), Fitzgerald and Gardner (1993) had to reject their treatment best resembling natural conditions (microcosms containing both fauna and sediment), making extrapolations to field conditions somewhat precarious.
The aim of our laboratory study was to quantify the pathways of deposited diatom C through a benthic community and to assess the time scale at which pulses of pelagic primary production are assimilated by benthic organisms. The flow of 14C from labeled diatoms through the profundal benthic community was determined for both sediments, interstitial and overlying water, and macro-and meiofauna in a microcosm study. By including measurements of meiofauna, we provide a more complete assessment of benthic community response.
Methods
Stephanodiscus hantzschii v. pusillus was cultured at 10 r4 1°C in l-liter flasks containing a modified (50% reduction of NaHCO,) KL 16 X 2 medium (Lindstrom 1983) with daily agitation under a 14 : 10 L/D (1.5-1.8 X lOI quanta m-2 s-l) regime. The culture medium was inoculated with 37 MBq NaH14C0, per liter (Amersham, spec. act. 1.7-2.0 GBq mmol-', radioactive concentration 74 MBq ml-l). Diatoms were harvested when growth reached a stationary phase, i.e. after -10 d. Label incorporation was measured with an LKB-Wallac scintillation counter. Activities in dpm were corrected for quenching using internal standards. Cultures were rinsed until the radioactivity no longer decreased. The rinsing procedure included washing with 100 ml of autoclaved, deionized water and concentration by sedimentation for 2 h, followed by centrifugation (5 min, 1,000 rpm) at 10°C. Diatoms were then resuspended in a minor volume of water and stored in a freezer at -20°C.
Surficial sediment (-O-l-cm layer) was collected with a gravity core sampler (i.d., 69 mm) in early spring (7 d after ice out) from a 15-m station in the eastern basin of Lake Erken and transported at 4°C to the laboratory. The sediment was wet sieved (0.5 mm) to remove ambient macrofauna and kept for 3 weeks in an aquarium containing a water phase of about 40 cm of aerated Erken water at 4°C in the dark. Three days before the start of the experiment, the overlying water was removed, and the sediment was mixed to a homogeneous slurry. Eight-milliliter aliquots of the sediment slurry (8.3 -t-0.10 g WW, mean ? SD) were transferred to microcosms (loo-ml glass vials with a bottom area of 16.5 cm2) with a pipette. Subsamples of sediment were frozen for later analyses of chlorophyll a, carbon, and nitrogen. After addition of 80 ml of GF/C-filtered Erken water, the microcosms were closed (polyethene snap cap) and aerated 15 min h-l with CO,-f ree air using capillary tubing (0.76-mm i.d.) and an aquarium pump (Fig. 1) . Intermittent aeration was used because previous work has shown that it keeps oxygen concentrations close to 100% saturation and minimizes disturbance of the organisms. Aeration of the microcosms was switched off for 6 h each night to allow diatoms to settle. . CO, was eliminated by pumping the ingoing air through a 160-ml Plexiglas tube with a 17-cm column of soda lime pellets (size 2-5 mm) and a loo-ml gas-washing bottle containing 100 ml of 10 M NaOH. The ingoing air was then washed in two washing bottles containing deionized water. The pH of this water was checked regularly with a pH indicator strip and changed when pH exceeded 8. By eliminating CO, from the ingoing air, a gradient was established between the sediment and the overlying water in the microcosms, resulting in a more efficient outflux of CO, from the sediment and increasing the accuracy of community respiration measurements (see below). Each microcosm was equipped with a 20-ml glass scintillation vial with 10 ml of scintillation fluid (Oxysolve C-300, Zinsser Analytic) for quantification of respired 14C02. These vials were changed during the experiment to avoid CO, saturation.
Chydorus sphaericus Miiller and Chironomus riparius Meigen, harvested from laboratory cultures at lO"C, were added to the microcosms 2 d before the start of the experiment. The following day, freeze-preserved diatoms were carefully thawed at 4°C and rinsed three times in Erken water (as described above). Microscopic examination showed that diatoms appeared to be in good shape with the great majority of cells being intact. CO, traps were connected to the microcosms and a pulse of labeled diatoms (4,057 & 15.94 pg C and spec. act. = 2,385 dpm Kg 'C, 383 t 2.23 pg N) corresponding to 2-3 d of spring bloom sedimentation under field conditions in Lake Erken (Goedkoop and Johnson 1996) was added to the experimental units (approximately 8.3% of overall sediment C in the microcosms). The microcosms were then sealed and incubated in the dark at the experimental temperature of 10 t 1.5"C.
The centric diatom Stephanodiscus hantzschii was selected because it often dominates spring bloom phytoplankton of eutrophic lakes (Reynolds 1984) . S. hantzschii v. pusillus, in particular, often dominates the spring bloom in Lake Erken, reaching from 50 to 90% of fresh weight biomass during this period (Bostrom and Pettersson 1977; Pettersson 1985) . C. riparius and C. sphaericus were selected as "representative" surface deposit feeders, because both of these taxa are common inhabitants of benthic communities of eutrophic lakes. The experimental densities of C. riparius (4 ind.-microcosm-', corresponding to 2,400 ind. m-2) used in this study are similar to those commonly found in mesoeutrophic lakes (e.g. Jonasson 1972; Johnson and Pejler 1987) . C. sphaericus is not commonly found in profundal sediment but was chosen because it is a meiobenthic deposit feeder that is easily cultured in the laboratory. Experimental Chydorus densities were 18 ind. 10 cmp2 (30 ind. per microcosm), which is in the same size range as meiofauna densities in profundal sediment of Lake Erken (Goedkoop and Johnson 1996) and for meiozoobenthic abundances in temperate eutrophic lakes (Kajak 1988) . In the present study, we use the term meiofauna to refer to ambient meiofauna in the experimental sediment. Chydorus, although generally regarded as meiofauna, and Chironomus are not included in this definition. Treatments with added fauna are referred to as Chydorus and Chironomus treatments. The term microheterotrophs is used to refer to heterotrophic microbes and microfauna in the sediment.
Five groups of microcosms were established, each group being randomly assigned to one of five intervals corresponding to the time scale of the experiment (5 d, see below). Each series (5 treatments X 4 replicates) was driven by a separate aquarium pump and connected to a CO, elimination unit ( Fig. 1) . The experimental set-up comprised the following treatments: sediment with only natural, ambient meioand microfauna (<500 pm) and bacteria (meiofauna treatment); addition of 30 C. sphaericus per microcosm (Chydorus treatment); addition of four (4th instar) C. riparius larvae per microcosm (Chironomus treatment); formaldehyde-poisoned blanks (no fauna added); and a set up with nonlabeled diatoms cultured under the same conditions (see above) to quantify the experimental conditions in the microcosms (oxygen concentrations and pH).
Microcosms of each treatment were sacrificed after 0 (2 h), 2, 4, 8, .and 16 d. Each series of incubations was stopped by injecting 5 ml of acid-formaldehyde solution (1.1 M H,SO, and 0.9 M HCHO) with a syringe through the snap cap and subsequent intensive aeration of the microcosms during 20 min to transport the accumulated 14C02 from the microcosms to the CO, traps. CO, traps were disconnected, and the water phase from each microcosm was carefully removed with a syringe and stored dark at 4°C. Chironomus larvae were removed when the sediment was transferred to SO-ml centrifuge tubes and rinsed with deionized water, blotdried, and dissolved in 0.5 ml of tissue solubilizer (Biolute-S, Zinsser Analytic). Interstitial water was separated from the sediment through centrifugation at 1,500 rpm (550 X g) for 20 min, and the supernate was filtered (0.2 km, Millipore). The remaining sediment pellet, including the meiofauna, was preserved and stained with 4% borate-buffered (200 g liter-l Na,B,O, X 10 H,O liter-') formaldehyde solution containing rose bengal. The sediment pellet was stored in the dark at 4°C for later extraction (within 1 month) of added and ambient meiofauna. On the same day, the water phase from each microcosm was filtered (0.2~pm Millipore) for measurements of [14C]DOC (dissolved organic carbon).
[14C]POC (particulate organic carbon) was calculated as the remaining fraction of label.
Ambient meiofauna and added Chydorus were extracted from the sediment by a density centrifugation technique using the colloidal silica Ludox-TM, slightly modified from Pfannkuche and Thiel (1988) . Sediment samples were suspended in 40 ml Ludox-TM (specific density, 1.19 g cm ?), and approximately 1 g of kaolin was added. Samples were then centrifuged at a stepwise increasing speed to 1,500 rpm (550 X g) during 5 min. This speed was then maintained for another 5 min. During centrifugation the fine-grained kaolin forms a rigid lid on top of the sediment pellet and facilitates decantation of the supernate onto paper filters (+ = 5.5 cm). Each sample was processed three times, and then individuali meiofauna organisms were hand-picked from the filters at lo-40 X magnification using a dissecting microscope and dissolved in 0.5 ml Biolute-S. A scintillation cocktail (OptiPhase Hisafe 2, Wallac Oy) was added before scintillation counting.
14C-label incorporation in fauna (Chironomus, Chydorus, and ambient meiofauna), respired 14C, [14C]DOC in both overlying and interstitial waters were determined through scintillation counting as described above. Activities were corrected for quenching using internal standard ratios and corrected for abiotic adsorption of label assessed from formaldehyde-poisoned controls. In our study, the term assimilation is used to refer to the incorporation of 14C label by Chironomus, Chydorus, and ambient meiofauna. In carbon budget calculations, 14C in the various components of the benthic community was expressed as the percentage of the initial C addition. Respiration of added fauna was calculated as the difference between treatments with and without fauna additions. 14C02 production in microcosms without added fauna was assumed to originate from respiratory activity of sediment microheterotrophs and ambient meiofauna. Due to methodological uncertainties with CO, traps on day 16 (see below), we chose to present a carbon budget for day 8 of the experiment.
The data were corrected for abiotic adsorption to the sediment (formaldehyde-poisoned controls) and tested using two-way ANOVA with three treatments (meiofauna, Chydorus, and Chironomus treatment) and five time intervals (days 0, 2, 4, 8, and 16) as factors, and one-way ANOVA for analysis of differences within time intervals. Pairwise comparisons of contrasts between treatments and between time intervals were evaluated using Scheffe's test. Alpha was set at 5%. All variables were log-transformed to stabilize the relationship between mean and variance. Results are presented as the mean ? 1 SD.
Results
Decomposition of the labeled diatoms ([ 14C]POC) showed a rapid decline in microcosms with Chironomus larvae, with [14C]POC decreasing from 3,611 p,g C (or 89% of the added label) at the start of the experiment to 2,394 p,g C (59%) on day 8. Treatment and time effects on [14C]POC decomposition were noted (P < 0.0001 for both), and there was a significant interaction term (P I 0.0012) ( Table 1) . Though no differences were found between the meiofauna and Chironomus treatments on days 0 and 2, decomposition of [14C]POC on days 4 and 8 was higher in the Chironomus treatment compared with the meiofauna treatment (P I 0.0172) ( Fig. 2A, Table 2 ). No differences were found between meiofauna and Chydorus treatments (P > 0.05).
[14C]POC decreased from 3,732 to 3,530 pg C (92 to 87%) in both meiofauna and Chydorus treatments between day 2 and day 4. Comparison of Chydorus and Chironomus treatments showed that chironomid larvae were more effective in degrading [14C]POC; significant differences were noted for days 4 and 8 (Table 2) . No statistical analyses were performed for POC on day 16, due to uncertainties arising from methodological problems in CO, determinations (see below).
[14C]DOC concentrations (the sum of DOC in interstitial and overlying water) in all treatments were initially 325 pg C (8% of the total added label, range = 321-369 p,g C) and decreased to between 113 and 141 Fg C (2.8 and 3.5%) after 2 d (Fig. 2B) . Highly significant differences were found among treatments and with time (P I 0.0001 for both) and for the interaction term (P 5 0.0007) ( Table 1) . Between day 2 and day 16, [14C]DOC showed little variation among treatments and remained below 160 p,g C (or 4%). [14C]DOC was, however, lower in the Chironomus treatments compared with the meiofauna and Chydorus treatments between days 4 and 16 (P < 0.0482) ( Table 2 ). No differences were found between meiofauna and Chydorus treatments (P > 0.05). A redistribution of [14C]DOC concentrations between the overlying water and interstitial water was noted during the experiment. Initially, 90% (or 308 & 50 p,g C, average 2 SD for all treatments) of the total [14C]DOC in the microcosms was found in the overlying water, and 10% (or 3 1 t 11 Fg C) in the interstitial water.
[14C]DOC in overlying water then decreased gradually to 69% (or 88 5 26 Fg C) on day 16, whereas interstitial [14C]DOC showed an increasing trend, from 9.4 to 32% (or 31 to 39 p,g C), over the same time interval (Goedkoop et al. 1997) .
Respiration (generation of 14C02) was 1.1% of the total added label in all treatments at the start of the experiment, i.e. when CO, traps were disconnected after approximately 2 h (Fig. 2C) . Respiration showed strong treatment and time effects (P < 0.0001 for both) with a significant interaction (P = 0.0026) between these factors (Table 1) . On day 4, accumulated '"CO, accounted for 9.9% (range 375-430 pg C) of the total added label in the Chydorus and meiofauna treatments and remained at this level on day 8. In the Chironomus treatment, 14C02 respiration increased from 6% (or 245 2 33 pg C) on day 2 to 16% (or 627 2 110 pg C) on day 4, and on day 8 accumulated 14C02 was 18% (729 & 140 pg C) or almost twice as high (92% higher) as that of the Chydorus and meiofauna treatments (P 5 0.004 in both cases) ( Table 2 ). On day 16 CO, traps were found to be contaminated with water vapors; hence, respiration data were excluded from further analysis. Incorporation of labeled C (as percentage of total label added) showed large among-treatment differences (Fig. 3) . In the Chironomus treatment, chironomid larvae had assimilated more than 20% of the label after 8 d; on day 16 no further increase in label uptake was noted. In the Chydorus treatment, chydorids assimilated less than 1% of the added label, but assimilation increased markedly from day 8 (0.14%) to day 16 (0.50%). Assimilation of labeled C by ambient meiofauna in the meiofauna treatment was negligible (less than 0.04% during the entire experiment).
Carbon budget calculations showed that as much as 3,124 p,g C or 77% (range among treatments = 58-87%) of added diatom C remained in the sediment as POC on day 8 (Fig.  4) . Of the fraction processed by the benthic community, the major part (263 &g C or 28.2%) was assimilated and respired by Chironomus. Only a minor fraction (0.20% or 1.8 pg C) was processed by Chydorus. However, recalculated on a biomass basis chydorids processed about 0.17 p,g C pg-' DW compared with 0.48 p,g C p,g -I DW for chironomids, or 2.8 X less than Chironomus. Respiration by sediment microheterotrophs and ambient meiofauna averaged 9.8%, slightly higher than the amount of diatom C respired by Chironomus (8.2%) and much higher than that respired by Chydorus (0.06%). Presumably, the majority of diatom C respired by microheterotrophs and meiofauna was processed by sediment microfauna and/or bacteria because assimilation by ambient meiofauna only accounted for 0.03%.
Survival and recovery of chironomid larvae from the microcosms were almost 100%; only one chironomid on day 0 was not recovered (this individual was recovered later after Ludox centrifugation but not included in the scintillation measurements). Chydorus survival and recovery was somewhat lower (80%); on average 24 & 2.4 individuals per microcosm were recovered. The numerical composition of ambient meiofauna in all treatments (8 ml sediment) consisted of 6.6 f 2.8 copepods (or 47% of extracted meiofauna), 3.1 2 2.6 nematodes (22%), 1.3 f 1.3 ostracods (9.1%), 1.4 + 1.4 cladocerans (9.6%), and 1.7 + 1.4 of other taxa (12%). These abundances are only slightly lower than observed field densities in Lake Erken during spring (Goedkoop and Johnson 1996) .
The experimental sediment had an initial C content of 75.7 ? 0.73 mg C g-l DW and an N content of 10.6 ? 0.12 mg N g-l DW, 4.0 and 7.7% lower, respectively, than prebloom concentrations during 199 1 (Goedkoop and Johnson 1996;  Fig. 3 ). Oxygen concentrations in the microcosms were generally high, ranging between 7.8 and 10.5 mg 0, liter-', and pH was between 7 and 8.
Discussion
The carbon budget for pelagic-benthic coupling calculated here shows the rapid assimilation of diatom C by surface deposit-feeding chironomids and the significance of this group for the overall decomposition of phytodetritus. Further, sediment microheterotrophs were quantitatively important in the processing of diatom C. Respiration by ambient meiofauna and microheterotrophs approximately equalled the percentage respired by chironomid larvae. Mass balance calculations also showed that much of the added diatoms was not processed during the time interval of the experiment, as indicated by the large pool of POC in the sediment. This finding was also supported by direct measurements of sediment chlorophyll a concentrations (from the unlabeled, parallel experiment), which were still more than twice as high as in control sediment (no diatom addition) on day 16 (Fig.  5) . Fitzgerald and Gardner (1993) also found a high percentage of POC (-70%) in their sediment treatment (+S) after 60 d. The presence of sediment presumably inhibits the decomposition of added diatoms, because dilution and burial in the sediment may make diatoms less available for invertebrates. The vertical mixing of diatoms into the sediment through bioturbation may also explain the decreasing assimilation rates of diatom C by Chironomus in our study. Community respiration was similar among the three different treatments at the start of the experiment, indicating that bacteria and microheterotrophs were most important in using [14C]DOC during the first 2 (see Goedkoop et al. 1997 ). Uptake of [14C]DOC by microbes could also explain why concentrations of [14C]DOC were low during the remainder of the experiment, when equilibrium was presumably reached between DOC generation (excretion and leakage) and uptake by sediment microbes. Between day 4 and day 16, DOC concentrations in the Chironomus treatment were lower than the other treatments. The lower DOC concentrations of the Chironomus treatment indicate a more rapid assimilation of DOC in these microcosms by microheterotrophs in the sediment or in the overlying water. Assimilation of diatom DOC by Chironomus larvae may also contribute to the more rapid decline in DOC concentrations in the Chironomus treatment (see Goedkoop et al. 1997) . The low DOC levels of the Chironomus treatment also contrast with the results of Fitzgerald and Gardner (1993) , who found that the concentrations of [14C]DOC were approximately 2-4-fold higher in the treatment with added macrofauna (Diporeia). However, as mentioned earlier, Fitzgerald and Gardner (1993) had to reject their treatment with sediment and Diporeia due to problems with hypoxia. The higher DOC levels reported by these authors are taken from microcosms with only Diporeia and algae (their +A treatment).
Chironomus respiration was low compared to assimilation during the 16-d microcosm study. This high assimilation : respiration ratio is considered not to be an artefact of the experimental design, but a natural phenomenon occurring with the sudden increase of the easily accessible, high-quality food. Though measurements were made on chironomid larvae with intact gut tracts, we presumed that all larvae had full guts within 2 h of the start of the experiment (Johnson et al. 1989) and that uptake of 14C label was exclusively due to ingestion and assimilation of labeled diatoms. Chironomid assimilation may exceed respiration over short time periods (e.g. Strayer and Likens 1986, and references therein), for example, following winter starvation profundal chironomid larvae often have a period of rapid growth coincident with increased temperature and food availability.
In our study, however, three processes may have amplified the observed high assimilation : respiration ratio for Chironomus. First, the uptake of [14C]DOC by epicuticular bacteria (Carman 1990) on Chironomus larvae could have resulted in an overestimation of assimilation (label incorporation). Second, abiotic adsorption of label to chironomids may also have contributed to an overestimation of assimilation by Chironomus, despite washing prior to scintillation counting. Abiotic adsorption to fauna was not included in the experimental design. Finally, the stimulatory effect of Chironomus larvae on sediment bacteria (see Goedkoop et al. 1997) should have led to a higher contribution of bacterial respiration to overall community respiration in the microcosms with Chironomus. Therefore, Chironomus respiration, calculated as the difference in overall community respiration between the Chironomus treatment and the meiofauna treatment, should be an overestimation of the actual respiration by added chironomid larvae. Calculations based on production estimates and growth efficiencies for the bacterial assemblage determined in the parallel study (Goedkoop et al. 1997) showed that bacterial respiration in microcosms with Chironomus was on average 5% higher than in the treatment without Chironomus over the interval O-8 d. Correction for the elevated microbial respiration in the treatment with Chironomus, however, still results in a high assimilation relative to respiration (2.7X) for Chironomus.
Bacterial respiration probably dominated overall respiration determined for ambient meiofauna and microheterotrophs. If data on bacterial production estimates from the parallel experiment mentioned above are extrapolated to this experiment, an estimated 16% of the diatom C would have been assimilated by bacteria. If we assume a growth efficiency of 30% (Bell and Ahlgren 1987) , the bacterial assemblage of the sediment would have respired as much as 39% of the added diatom C in this experiment. In other words, bacteria alone could have accounted for the entire respiration of ambient meiofauna and microheterotrophs.
Although community metabolism at the start of the experiment appeared to be driven by DOC levels, decomposition of POC appeared to be the predominant process during the remainder of the experiment. [14C]POC levels were lower in the Chironomus treatment than in the other treatments. After the first 2 d it seemed that assimilation by chironomid larvae was the major pathway for POC (added diatoms). The concentration of PO14C dropped dramatically in the treatment with chironomid larvae, coincident with increased assimilation and respiration. The rate of POC decomposition differs markedly between our study and that of Fitzgerald and Gardner (1993) , who found that POC was decomposed much more rapidly (from 80 to 15-25% in just 2 weeks) in their treatment with Diporeia. This discrepancy is not likely to be an effect of difference of deposit feeders used but more likely an artifact of the differences in experimental designs. Our study indicates that the presence of sediment will delay the decomposition of added diatom phytodetritus and that complex interactions within the sediment community should not be underestimated.
Carbon ,2ssimilation by Chydorus seems to have increased toward the end of the experiment, between day 8 and day 16. A possible explanation for this delayed incorporation of diatom C may be preferential ingestion of detritus over intact diatom ccl Is. For example, van de Bund et al. (1994) showed in culture experiments that Chydorus piger Sars grew exponentially with detritus as a food source, whereas the presence of diatoms as an additional food resource did not result in an increased population growth rate. Furthermore, van de Bund et al. (1994) found that no reproduction occurred when chydorids were fed diatoms only. Therefore, the increased assimilation rate for Chydorus between days 8 and 16 may indicate that added diatoms became more available due to the conditioning of this food resource by meiofauna and microheterotrophs.
Comparison of the present laboratory study with a field study of pelagic-benthic coupling in Lake Erken showed a relatively good agreement between the pathways of C processing. In the field study, between 1.9 and 12% of deposited phytodetri tal carbon was mineralized by bacteria (Goedkoop and Johnson 1996) , compared with 9.8% in the present study. In contrast, assimilation by deposit-feeding chironomids was much lower in the field study (2.4-6.0%) compared with laboratory measurements (28%). This difference may be a consequence of the lower field densities of Chironomus in Lake Erken at the time of the investigation (-300 ind. m "). If assimilation is normalized for Chironomus density (dividing by 8), assimilation for laboratory populations decreases to 3.5%.
The relatively high assimilation by ambient meiofauna in the field study (l.l-7.2%) (Goedkoop and Johnson 1996) compared to the laboratory study (0.03%) may be attributed to methodological differences between the two studies. For example, in the field study C budget calculations are based on indirect measurements of production and respiration (see below) and are largely determined by phytodetrital deposition (foocl availability). Also the various assumptions and conversions made in calculations of meiofauna production and respiration undoubtedly affect C budget estimates (see Goedkoop and Johnson 1996) . For example, meiofauna production and respiration in the field study are calculated from abundances and standardized biomass values, whereas Chironomus production and respiration are quantified more directly by biomass determinations and production calculations. In the laboratory study, C assimilation was measured directly, short-cutting many of these problems. Alternatively, C assimilation by meiobenthic invertebrates (including Chydorus) in this study may be underestimated due to handling and/or preservation, and subsequent loss of label (Holtby and Knoechel 1982, Persson 1982) . However, even a correction for a considerable loss of label (57%; Holtby and Knoechel 1982, table 1, p. 776) does not result in a more significant contribution of the meiofauna in overall C-budgets. Visually, individual animals appeared in good shape when the:y. were handpicked and transferred to scintillation vials.
In our study, the fate of diatom C was largely determined by the presence of Chironomus and sediment microbes. The relative importance of either of these groups in C turnover will be highly dependent on temperature and changes in seasonal abundances of Chironomus larvae. In eutrophic temperate lakes, Chironomus often have a period of active growth followed by emergence in spring (J6nasson 1972; Johnson and Pejler 1987) . Consequently, increased densities of early instars will coincide with high food availability originating from the spring bloom (Jonasson 1972; Johnson and Pejler 1987) . The spring emergence also coincides with relatively low ambient temperatures that supposedly inhibit bacterial metabolism (see Sander and Kalff 1993 for review), thereby resulting in greater food availability for depositfeeding invertebrates. Consequently, the trophic transfer of diatom C to benthic invertebrates (and ultimately fish) should be very efficient. Conversely, during autumn, when water temperatures are much higher, C from deposited diatoms should to a larger degree enter detrital pathways (microbial mediated) resulting in a weaker trophic linkage. However, even at 10°C (in the present study), Chironomus would still be very efficient in assimilating diatom C, suggesting that Chironomus and likely also other surface deposit-feeding macroinvertebrates (e.g. Fitzgerald and Gardner 1993) are key mediators of energy transfer between pelagic and benthic environments.
